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 Summary The changes in form of intracoelomic oocytes during their developmental 
stages and the change from mature to the external fertilized (i.e., egg) phases during the 
spawning processwere analyzed in Eupolymnia nebulosa with reference to the life-history 
strategy of the species. Accurate description of the real form of both oocytes and eggs was the 
objective of the study. All developmental stages of oocytes floating freely in the coelom 
(solitary oocytes) showed a flattened form. Increase in oocyte thickness was not reflected in a 
proportional increase in diameter. Therefore, by simply measuring diameters, a significant 
component of oocyte growth would not have been recorded. Different relationships between 
diameter and thickness of oocytes for the Mediterranean (slope = 0.436, intercept = 4.507) 
and English Channel (slope = 0.321, intercept = 2.199) populations of E. nebulosa have been 
observed. The implications of this difference for the speciation problem of the “cosmopolite” 
E. nebulosa are discussed. The development of flattened oocytes into spherical newly 
spawned eggs has also been noted. Although no direct demonstration has been made, our 
results provide strong supporting evidence for the operation of a size-dependent selection 
mechanism during the spawning process. This mechanism can be directly linked with the life-
cycle strategy of the Mediterranean E. nebulosa populations, while the implications of its 
existence in the English Channel populations remain unclear. The results demostrate the 
importance of considering the real form of gametes when dealing with the study of life-
history strategies (viz. oocyte growth linked to different environmental or endogenous control 
mechanisms or to different spawning mechanisms). 
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INTRODUCTION 
 
 The different combinations of size and number of invertebrate progeny have been 
traditionally associated with the evolutionary background from which the life-history 
strategies of the species emerged. Two opposing evolutionary trends have been identified 
suggesting that particular combinations of life-history traits should occur together (Stearns 
1976): i) toward more, smaller progeny; ii) toward fewer, larger progeny. The connection 
between progeny size and life-history strategies indicates the importance of finding an 
accurate method to estimate the former. Hermans (1979) emphasized the importance of 
volume-related measurements with reference to the size of polychaete progeny: i) volume 
better represents the capacity for the storage of oocytes, and ii) the volume available can be a 
direct limitation on the number of gametes that a given female can hold.  
 Bhaud and Grémare (1991) suggested that all intracoelomic oocytes of the tube-
dwelling polychaete Eupolymnia nebulosa (Montagu) are flattened bodies whilst newly 
spawned eggs (i.e., fertilized oocytes) all show a spherical shape. Changes in form are likely 
to be associated with significant changes in volume. Therefore, in this study, we will relate 
the changes in form of intracoelomic oocytes to both their developmental stage and the 
change from mature to external, fertilized phases (i.e., eggs) during the spawning process.  
 The change in volume of a nearly spherical body is related by the third-power to change 
in the linear dimension. However, measurements of diameter are found much more often in 
the literature than measurements of volume. For this reason, we have investigated the relative 
accuracy of measurement of diameter and volume in quantifying the change in form during 
the development of the oocytes and eggs of the polychaete E. nebulosa. We will also discuss 
the value of estimates based on the real form of oocytes for further studies of invertebrate life-
histories, the speciation problem raised by the differences between Mediterranean and English 
Channel populations, and the spawning mechanism. 
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MATERIAL AND METHODS 
 
Studied species 
 Eupolymnia nebulosa inhabits shallow waters having substrates with mixed boulders 
and sediments of different grain-size. The Mediterranean E. nebulosa have a very 
complicated reproductive cycle which can be characterized by brooding in jelly egg-masses 
and a spawning activity which is higly coordinated at the population level. Oocyte growth, 
however, is not synchronized at the individual level and extends through the period of the 
winter decrease and the spring increase in temperature. The consequences of this lack of 
synchronization prior to the onset of the spawning period are: i) intracoelomic oocytes 
showing a wide range of sizes (i.e., dispersed oocyte size-distributions even during the 
spawning period), ii) a spawning period extending over three to four months (from March to 
May), iii) up to five maxima in the appearance of egg-masses recorded per year, and iv) from 
1 to 4 egg-masses per female per spawning period (Grémare 1988; Bhaud and Grémare 1991; 
Duchêne and Nozais 1992; personal observation). 
 The life-history parameters of English Channel E. nebulosa include oocytes growing 
exclusively during the period of rising temperatures, a lack of brooding, and the release of 
gametes only during a short spawning period (Lang 1986). There is no information about the 
real extent of this period either at a population level or at an individual level (and this would 
be an interesting subject for further investigations). However, this period is probably between 
one day and two weeks at most (Lang 1986).  
 The present study was mainly based on a Mediterranean population of E. nebulosa, 
although comparisons with specimens from an English Channel population were also carried 
out. Adult, mature females of Mediterranean E. nebulosa were collected by diving at depths 
of 5 m to 10 m on the French Catalan coast (north western Mediterranean Sea near Banyuls-
sur-Mer). English Channel females were collected by hand from the intertidal region of the 
shore of the Rance estuary at Dinard (France).  
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Estimations of oocyte thickness 
 Some females were gently anaesthetized, and a small terminal portion of the abdomen 
of each was removed by provoking autotomization to provide representative samples of 
intracoelomic oocytes. The diameter across the face and the thickness of each flattened oocyte 
(Fig. 1) were measured by means of a binocular microscope equipped with a camera lucida 
and linked to a computer through a digitizing tablet. The  software program was designed at 
the Laboratoire Arago by J.-C. Duchêne. 
 Flattened oocytes tend to lie on their flattened surfaces, thus making thickness 
measurements difficult. Oocytes were therefore placed on cavity-slides with Aquamount 
mountant (BHD, prod. 36086). Oocytes were then gently stirred with a needle allowing many 
of them to remain with vertical flattened surfaces and making paired measurements of 
thickness and diameter possible (Fig. 1). Measurements for individual oocytes were obtained 
from a number of different females (respectively, 10 and 8 for the Mediterranean and English 
Channel populations). Data relating to each population was pooled to obtain the relationship 
of diameter vs. thickness (Fig. 2). The equations of the regression lines have been used to 
estimate thickness on the basis of the easily measurable diameter for further calculations 
(present work). 
 The presence of all oocyte growth stages at the same time inside the coelom, even 
during the spawning period, allowed us to estimate changes in form linked to oocyte growth 
from specimens collected on a single occassion, just before spawning.  
 
Comparison of oocytes and eggs 
 To compare the remaining intracoelomic oocytes after spawning with the newly 
spawned eggs, some Mediterranean females were maintained in tanks (one female per tank) 
with running sea water until egg-masses were produced. After spawning, intracoelomic 
oocytes were obtained as before, and diameters of oocytes and newly spawned eggs were 
measured. When possible, females were re-installed in their tanks to await a possible second 
spawning event. Some females were sacrificed to count the total numbers of oocytes inside 
their coeloms after spawning. Their respective egg-masses were disaggregated and the total 
number of eggs counted. These numbers were used to estimate the relative proportion of 
unspawned oocytes and spawned eggs after spawning. Then, size-distributions of 
intracoelomic oocytes after the first spawning were re-constructed using size-classes based on 
the assumption of a barrel form for oocytes, allowing us to assess the real degree of overlap of 
these distributions and those of eggs. 
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 As English Channel females do not form egg-masses, spawning was artificially 
provoked by thermal shock. Females were kept at 4°C for 24h and then placed in tanks with 
English Channel water maintained at about 18°C until the release of eggs. Eggs were 
collected on a 20µm pore sieve and replaced in clean Channel water before the measurement 
procedure. 
 To compare oocytes and eggs by volume, oocytes were assumed to be flattened barrels. 
Oocyte volumes (VB) were then estimated as follows: 
 VB = (π / 12) TO (3 DO2 - 2 DO TO + TO2) 
 where DO and TO are, respectively, the observed diameter of the flattened oocyte and 
the observed thickness (Fig. 1). Taking into account that eggs were perfectly spherical, 
volume was estimated simply as a volume of a sphere.  
 To assess linear dimension changes and compare them with three-dimensional ones, we 
have used the equivalent spherical oocyte diameter (DES), estimated from the barrel volume 
as follows: 
 DES = (6VB / π)1/3 
 
Statistics 
 Slopes of regression lines between diameter and thickness of oocytes were compared 
using analysis of covariance (ANCOVA). Differences among gamete size distributions were 
assessed using Kolmogorov-Smirnov two-sided procedure (TWO SIDED test). A ratio based 
on the medians of the involved size distributions (refered to as median-ratio) was used to 
assess the meaning of the significant differences. The median-ratios were obtained by 
dividing the median of an oocyte size distribution (either assuming spherical or barrel forms) 
by the respective median of the egg size distribution. Therefore, values of median-ratio lower 
or higher than 1 indicate unspawned oocytes respectively lower or higher than spawned eggs. 
Median-ratios from the different females were estimated for the size-distributions based on 
volumes and for those based on diameters, and compared using one-way anova (ANOVA). 
Statistical analyses were performed by means of the SYSTAT software (Ver. 5.2.1), 
copyright (c) SYSTAT Inc. 1990-92. 
 
RESULTS 
 
Oocyte diameter vs. oocyte thickness relationship 
 All intracoelomic oocytes of both populations studied showed a flattened shape: circular 
in polar view, barrel-shaped in lateral view (Fig. 1). Spherical forms have not been detected 
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among the different intracoelomic developmental stages. Diameter (D) and thickness (T) of 
oocytes are positively correlated. The respective relationships for the Mediterranean (M) and 
English Channel (EC) populations, can be fitted to the following regression lines (Fig. 2): 
 (M) T = 0.436 D - 4.507, n = 304, r = 0.859, P < 0.001 
 (EC) T = 0.321 D - 2.199, n = 316, r = 0.846, P < 0.001 
 ANCOVA reveals that the slopes are significantly different (F-ratio = 35.72, P < 0.001). 
However, both relationships show a similar trend, being clearly different from the 1:1 ratio 
(Fig. 2).  
 
Comparisons between oocyte and egg forms 
 Assuming spherical forms for both oocytes and eggs, all Mediterranean females showed 
overlapping volume distributions (Fig. 3). Although only one English Channel female 
successfully spawned, oocyte and egg volume distributions also overlapped (Fig. 3, 12).  
 By using volumes based on a barrel form for oocytes, the distributions significantly 
changed (Fig. 3). The TWO-SIDED test shows that all distributions of a given female (viz., 
oocytes assuming a spherical form, oocytes using a barrel form, and eggs, respectively) 
significantly differ from each other (P < 0.001). The median-ratios assuming a spherical form 
for oocytes are significantly higher than those found assuming a barrel form (ANOVA, F-
ratio = 15.840, P = 0.001). One Mediterranean specimen (female 4) and the English Channel 
female showed median-ratios even higher than 1 (Fig. 4, Table 1).  
 The same analyses were repeated using the observed egg diameters and the observed 
and the equivalent spherical oocyte diameters. The equivalent spherical diameter distributions 
show trends slightly different from those of volumes, being apparently less dispersed (Figs. 5 
and 3). Nevertheless, the TWO-SIDED test shows that distributions of observed oocyte 
diameter, equivalent spherical oocyte diameter, and egg diameter are significantly different (P 
< 0.001). Similarly, when based on diameters, the median-ratios assuming a spherical form 
for oocytes are significantly higher than those assuming a barrel form (ANOVA, F-ratio = 
16.502, P < 0.001) (Fig. 4, Table 1). 
 
Comparisons between oocyte and egg size-distributions 
 The reconstructed size distributions including both intracoelomic oocytes and newly 
spawned eggs (i.e., based on the relative proportions of both stages after spawning) are shown 
in Fig. 6B. These relative proportions ranged from 1.2 to 2.3 coelomic oocytes per spawned 
egg for females 7 and 5, respectively. 
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 It can be pointed out that the overlapping fraction remains quantitatively important, at 
least in some females. However, the reconstructed distributions show a significant difference 
with natural distributions a week before spawning (Fig. 6A). The latter always showed a 
dispersed appearance of size classes with a single mode of large gametes, whereas the former 
often show two rather distinct modes (Fig. 6B). 
 
DISCUSSION 
 
Developmental stages of intracoelomic oocytes 
 A “typical” sequence of growth for polychaete oocytes includes small, early 
developmental stages (previtellogenic primary oocytes) inside the ovary that are released into 
the coelom at the onset of vitellogenesis (Clark and Olive 1973; Olive 1975a). Oocytes often 
complete their growth and maturation as solitary oocytes floating freely in the coelom. 
Although polychaete solitary oocytes tend to display flattened/discoid forms, they are often 
vaguely defined as spherical bodies (e.g., Fischer 1984). Moreover, as pointed out by 
Hermans (1979), most authors reported only the largest oocyte diameter, which makes 
accurate calculations of volume impossible (i.e., volumes must only be estimated assuming a 
spherical form).  
 Although the lack of explicit statements is evident, it can be inferred (mainly from 
graphical information), that a flattened/discoid form could be a common characteristic for 
many polychaete species having solitary oocytes. Among others, the following examples can 
be mentioned: the arenicolid Arenicola marina (Howie 1984); the cirratulids Cirriformia 
tentaculata (personal observation) and Cirratulus cirratus (Stephenson 1950); the 
phyllodocids Eulalia viridis (Olive 1975b, 1980) and Eulalia punctifera (personal 
observation); and the terebellids Amphitrite ornata (Scott 1911), Nicolea zostericola (Herpin 
1925), E. nebulosa (Grémare 1988), Lanice conchilega (Smith 1989), Thelepus extensus 
(Duchêne 1992), Eupolymnia crescentis, Neoamphitrite robusta, Ramex californiensis and 
Thelepus crispus (McHugh 1993). Although changes in shape from spherical (small) to 
flattened/discoid (large) intracoelomic oocytes have been previously described for some 
terebellid species (McHugh 1993), this possibility can be effectively discounted for E. 
nebulosa, the oocytes of which are always flattened. 
 A few estimates of flattening ratios for oocytes (thickness vs. diameter ratio) have been 
found in the literature: 0.6 for E. nebulosa (modified from Grémare 1988) and 0.22-0.4 for 
Lanice conchilega (Smith 1989). However, these ratios have never been exploited for 
subsequent computations. In E. nebulosa, the relationships between diameter and thickness 
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for the two populations under study are direct but far from the 1:1 ratio. As a consequence, if 
the oocytes were assumed to have a constant relationship between thickness and diameter, 
during an increase in diameter from 50 to 250 µm the final thickness would be overestimated 
by 11.4% for the English Channel population, and by 23.6% for the Mediterranean population 
(Fig. 7). Shuch overestimate of thickness would clearly lead to a very significant overestimate 
of the real volume if this effect were not taken into account. Since the overestimates are not 
insignificant, the relationship between diameter and thickness of oocytes emerge as matters of 
real significance for the modelling of oocyte growth linked to environmental or endogenous 
control mechanisms. 
 The assumption of a spherical form for oocytes (i.e., the use of observed diameters) 
implies an overestimation of both three-dimension (i.e., barrel volume) and linear dimension 
(i.e., equivalent spheric diameter). Dealing with E. nebulosa, the overestimations (Fig. 8) are 
higher for the English Channel than for the Mediterranean populations, this being caused by 
the differences in their respective diameter vs. thickness ratios. The importance of a correct 
approach to the oocyte's form is, thus, greater due to the probable existence of different ratios 
depending on the studied populations. 
 
Differences between Eupolymnia nebulosa populations 
 Eupolymnia nebulosa is a cosmopolitan species whose populations are not 
distinguishable using traditional morphological criteria (Bhaud and Grémare 1988). However, 
the species features two distinct reproductive modes at different points in its geographical 
distribution, the most obvious difference being the presence (Mediterranean) or the absence 
(English Channel) of brooding in mucous egg-masses. Several studies approached the 
speciation problem raised by these differences, but the results have been contradictory and the 
question remains open. The reproductive allocation of the Mediterranean population seems to 
be lower than that in the Atlantic/English Channel (Grémare 1986) whereas the genetic 
distances between populations, estimated by sequencing of the large-subunit ribosomal RNA 
5’end, suggest that the differences are infraspecific (Lenaers and Bhaud 1992).  
 Our finding of a difference in the oocyte diameter:thickness ratio in the two populations 
constitutes a new argument for the existence of at least two cryptic species, all identified only 
as E. nebulosa. This is supported by major differences in the respective reproductive outputs 
(unpublished data). As suggested by Clark (1977), if there are biological grounds for 
supposing that cryptic species exist, there is generally no insuperable difficulty in finding a 
morphological excuse for separating them. Consequently, further accurate studies of 
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morphological characters typically considered as taxonomically robust will be carried out to 
investigate this possibility. 
 
Oocyte selection mechanism during spawning 
 Mediterranean E. nebulosa females can spawn more than once per annual spawning 
period. If intracoelomic oocytes are distributed into two categories before each spawning 
period, those to be released and those to remain in the coelom until successive spawning 
events, then a mechanism for selecting mature oocytes from a mixed pool in the coelom must 
exist, and probably involves the nephridial organs. 
 The change from flattened oocytes to spherical, newly spawned eggs found in 
E. nebulosa has been reported for a few other terebellid species (e.g., Herpin 1925; Duchêne 
1992; McHugh 1993). This modification of shape will affect biometric measurements - with 
the same volume, flattened forms will display diameter greater than spherical forms. The 
effect was reported by Herpin (1925) resulting in an apparent decrease of the diameters of the 
newly spawned eggs with respect to those of the original oocytes before release. Furthermore, 
the high degree of overlapping observed when comparing size-distributions of oocytes (not 
based on a barrel form) and eggs was the reason why previous studies on E. nebulosa were 
not able to effectively demonstrate the existence of a size selection mechanism. 
 Although the absence of small eggs inside the egg-masses was observed by Bhaud and 
Grémare (1991), these authors assumed that the spawning of a pool of mature oocytes was 
apparently allowed, whilst another pool of indistinguishable (non-mature?) oocytes remained 
intracoelomic. Even though, in theory, more or less sophisticated control mechanisms could 
be involved - i.e. hormonal control (Howie 1984 for arenicolids; Porchet and Cardon 1976 for 
nereids; Olive 1975, 1976 for phyllodocids; Olive et al., 1983 for nephtyids), or chemical 
cues recognizable at the openings of gonoducts - these have not been experimentally 
demonstrated for terebellids. In contrast, size-selection of mature oocytes has been described 
for A. ornata (Scott 1911). Moreover, although there is no mention of the form of A. ornata 
spawned eggs, its flattened mature oocytes appear to be highly plastic. They were observed 
changing their form when pushed off along the ciliated groove towards the nephridial pouch 
(Scott 1911). A similar mechanism could be partly responsible for the change from flattened 
oocytes to spherical eggs in E. nebulosa. However, the presence of two modes of large 
gametes in the reconstructed size distributions before spawning (Fig. 6), suggests that 
something more than a simple change in form may occur during spawning. Two possibilities 
could be further explored: i) an absorption of external liquid during the release of oocytes; 
and ii) a “secondary” swelling effect due to fertilization.  
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 Our results strongly supports the existence of a size-dependent selection mechanism in 
E. nebulosa, a small size-range of large mature oocytes being effectively selected during the 
spawning process. However, the overlap of the oocyte and egg size-distributions points out 
the presence of large, possibly spawnable intracoelomic oocytes just after spawning. This 
may be due to: i) the shortness of a single spawning event (no longer than one night) in 
relation with the speed of the spawning process (probably rather slow); and/or ii) the 
depletion of the female’s energetic resources as a consequence of the spawning effort, 
including egg-mass construction. This latter point can be supported by the fact that females 
seldom feed during the spawning period (authors, personal observation). A mechanism based 
on the necessity of females to replace metabolic reserves was also suggested as a factor in the 
production of mature oocytes in Eulalia viridis (Olive 1980). Moreover, to retain 
(erroneously) mature oocytes seems to be a better strategy than to spawn (erroneously) 
immature ones for E. nebulosa, which Mediterranean populations are characterized by several 
spawning events at each annual spawning period. 
 The equivalent pattern of oocyte/egg size-distributions found for the English Channel 
female is controversial. As spawning was provoked at least one month before the natural 
spawning dates, it is possible that only the few, already mature oocytes were spawned in 
advance, but that the remaining non-mature oocytes would have became mature by the 
normal spawning time. We would then expect a narrow size-ranged set of large mature 
oocytes to be spawned all together in a single event. A size selection mechanism might be 
used to prevent the release of abnormally immature oocytes. 
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Table 1. Summary of the median-ratios (MR) estimated on the basis of the size-distributions 
of unspawned oocytes and newly spawned eggs. Values expressed as mean ± standard 
deviation. SF: oocytes, spherical form; BF: oocytes, barrel form; E: eggs. 
 
 
 
  
  
Population Spawning event MR Volume Diameter 
Mediterranean First SF / E 0.723  ±  0.253 0.886  ±  0.110 
  BF / E 0.350  ±  0.124 0.695  ±  0.087 
 Second  SF / E 0.483  ±  0.520 0.717  ±  0.326 
  BF / E 0.233  ±  0.255 0.560  ±  0.261 
English Channel  SF / E     1.416          -    1.123           - 
  BF / E     0.539          -    0.814           - 
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Figure 1.- Eupolymnia nebulosa. Light microscope photographs of the Mediterranean 
intracoelomic oocytes. A: Upper view of flattened side; B: lateral view of thickness. Scale 
bar in µm. DO: observed diameter; TO: observed thickness. 
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Figure 2.- Eupolymnia nebulosa. Relationships between diameter of the flattened side and 
thickness of intracoelomic oocytes for the Mediterranean and the English Channel 
populations. Solid lines represent regression lines; see the text for the equations. Dotted 
lines represent the 1:1 ratio. Scaled forms corresponding to oocytes of 50 and 250 µm 
diameters respectively, in each studied population, have been schematically represented. 
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Figure 3.- Eupolymnia nebulosa. Distributions of oocyte (based on spherical and barrel-like 
assumptions) and egg volumes for the two populations under study. Graphs 1 - 9: 
Mediterranean females after first spawning; graphs 10 - 11: Mediterranean females after 
second spawning; graph 12: English Channel female. 
  
 18 
 
Figure 4.- Eupolymnia nebulosa. Graphical representation of the ratios based on the medians 
of the gamete size-distributions. Doted lines indicate the placement of the 1:1 ratio. 
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Figure 5.- Eupolymnia nebulosa. Distributions of oocyte (based on spherical and barrel-like 
assumptions) and egg diameters for the two populations under study. Oocyte barrel form 
distributions include the values of the equivalent spherical diameter (DES) re-estimated 
from barrel volumes. See Fig. 2 for females code. 
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Figure 6.- Eupolymnia nebulosa. A: typical size-distribution of intracoelomic oocytes (as 
percentages) one week before the spawning event. B: size distributions reconstructed from 
those of oocytes (on the basis of a barrel form) and eggs after spawning; NO: Number of 
intracoelomic oocytes; NE: number of eggs inside the egg-mass. 
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Figure 7.- Eupolymnia nebulosa. Scaled schematic representation of the different increases  
for oocyte's diameter length and oocyte's thickness at the two studied populations. 
Theoretical diameter increase from 50 to 250 µm length. Grey arrows indicates real ratios; 
black arrows indicates theoretical ratios. D: diameter; T: real thickness; T': theoretical 
thickness; ΔT: percent of thickness increase overlooked assuming same rates for diameter 
and thickness [ΔT = (T - T') / T' x 100]. 
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Figure 8.- Eupolymnia nebulosa. Scaled schematic representation of the values of different 
parameters, based on a theoretical  oocyte of 250 µm in diameter . A: using barrel form for 
English Channel oocytes; B: assuming spherical form for oocytes; C: using barrel form for 
Mediterranean oocytes. DO: observed diameter; DES: equivalent spheric diameter; TO: 
observed thickness; TR: thickness estimated from the regressions; VS: spheric volume; VB: 
barrel volume. Overestimate: percent overestimated by the spherical assumption. 
Diameters expressed in µm, volumes in µm x 105. 
 
